The present study provides an insight of antibacterial potential of PEG modified AgNPs. AgNPs were found to be ~26 nm by XRD analysis apart from exhibiting its ultravoilet spectra peak at 250 nm. The Fourier transform-infrared spectroscopy further confirmed the observance of peaks between 650 to 500 cm -1 in the synthesized AgNPs. Antimicrobial characterization was monitored by colony forming units (CFU) on agar plates. AgNPs showed 20x10 9 /ml CFU after 24 hrs of incubation at 20 mM AgNPs concentration as against 29x10 9 /ml CFU under similar incubation conditions in the modified AgNPs. Moreover, zone of inhibition (ZOI) appeared as 3.1 and 3.8 cm at 0.2 and 0.4 mM at AgNPs, respectively in E.coli in contrast to 3.5 and 4.5 cm, respectively for modified AgNPs under similar conditions. ZOI for S. aureus showed 3.2 and 3.8 cm, respectively at 0.2 and 0.4 mM concentration for AgNPs while modified AgNPs exhibited ZOI at 3.8 and 4.4 cm, respectively under similar incubation conditions. Their toxic effect was demonstrated by MTT assay to point out their relevance as antimicrobial agent.
INTRODUCTION
It has widely been accepted that nanoparticlesbased platforms can be successfully exploited in the field of biotechnology, immunosensing, biomedical sciences and of course in food packaging industries [1] [2] [3] . The outstanding features of nanoscaled structures such as their ability to reduce gaseous diffusion, particle mobility and increase in the functional surface area to volume ratio make them excellent nanomaterials to be incorporated with traditionally used polymer based food packaging to obtain an improved packaging material [4, 5] . A good packaging material is one which not only protects food from dirt, microorganisms and other harmful environmental substances but is also inert, low on production cost and easy to dispose without any significant environmental hazard [6] .
In recent years, use of nanomaterials in packaging materials has gained considerable attention in food packaging industry. The use of nanomaterials in food packaging materials mainly aims to provide a stronger barrier to gaseous diffusion, better resistance to humidity and temperature, and finally better protection against microorganisms since many nanomaterials demonstrate significant antimicrobial activity [7] . These nanomaterials can also be exploited to design smart food packaging that automatically alerts the consumer about the hygiene of the packed food product. Therefore, the nanomaterials are increasingly being considered in the food packaging industry to increase shelf-life as well as hygiene of the packed food due to their peculiar characteristics that help in improving durability, flexibility, temperature tolerance, barrier properties and recycling properties of the packaging materials [8, 9] . The nanomaterials are usually incorporated in packaging materials as antimicrobials and barrier to gaseous diffusion into the food. For this purpose, nanoparticles are usually integrated into a polymer matrix which significantly slows down gaseous diffusion. Silvestre et al. [10] through several elegant studies have demonstrated that nanomaterials integrated into the polymer matrix, not only improve the gas barrier properties of the food packaging but also impart resistance to temperature and humidity. Since silver has significant antimicrobial properties, therefore, the use of silver nanoparticles and silver coatings with other materials such as gold, zinc oxide, silica, titanium dioxide, alumina and iron oxides into polymeric packaging materials such as polyamides, nylons, polyolefins, ethylene-vinylacetate copolymer, polystyrene, epoxy resins, polyurethane, polyvinyl chloride and polyethylene terephthalate has been extensively evaluated [11] . Efficacy of AgNP against various organisms resistant to potent chemical antimicrobials has been evaluated by Duncan [12] . These nanoparticles have demonstrated significant antimicrobial activity against several important microorganisms such as fungi, yeast, algae, phytoplankton and few viruses [13, 14] . Moreover, the positive influence of PEG coating on reducing the toxicity of AgNP has been demonstrated earlier against human keratinocyte cell line [15] and in other bioanalytical applications [16] [17] [18] .
The current study was undertaken to synthesize, surface modify AgNPs to evaluate their size-dependent physical and chemical properties for establishing their possible utility in food packaging materials. The antimicrobial and toxic potential of mAgNPs was also ascertained to highlight their suitability as a component of improved nanoparticle based food packaging material.
MATERIALS AND METHODS
The procedure covered a wide range of assays consisting of synthesis and characterization of nanoparticles, their assessment for antibacterial potential and measurement of colony forming units, and effects in cell viability assay employing standard statistical methods. Each is described as under:
Synthesis, Characterization and Modification of AgNPs
A modified method of Kim et al. [19] was utilized for the synthesis of silver nanoparticles (AgNPs). Briefly, 100 ml of 10 mM solution of AgNO 3 was mixed with sodium borohydride (250 mL, 20 M) solution. The mixture was stirred continuously for 5 hrs at 4 °C to form monodispersed nanoparticles which appeared as yellow transparent sol in aqueous medium. Then it was kept in a water bath at 4 ⁰ C for 1 hr to precipitate followed by centrifugation mediated filtration. The filtrate was subjected for crystallization to obtain its powdered form at room temperature. The nanoparticle crystals were then analyzed by XRD method employing a X-ray diffractometer (Rigaku Miniflex) with Cu-K α radiation (λ = 1.54060A°) in 2θ ranging from 20 o to 80 o .
The Scherer formula (from 211 line width of the XRD peak) was used for the determination of average crystal size (D). The optical absorption was measured by Perkin Elmer Spectrophotometer while FTIR spectra of AgNPs were determined using a FT-IR instrument (INTERSPEC 2020 model FT-IR instrument, USA). The surface of AgNPs (1 mg) was modified by suspending them in 2 ml polyethylene glycol salt (PEG-600). The suspension was kept in a shaker and spun at 250 rpm for 4 hr. PEG modified AgNPs were centrifuged and washed thoroughly with deionized water, and stored at room temperature till further analysis.
Antibacterial Assay
Antibacterial assay was carried out by utilizing standard agar diffusion assay [20] . The test organisms were grown in sterile nutrient broth overnight at 37 o C. Agar diffusion assay was performed by pouring autoclaved nutrient agar in petri plates and allowing it to solidify. Then 100 µl of each bacterial culture was spread onto agar surface of two different petri plates. Sterile paper discs (5 mm diameter) containing AgNPs (50 mg/l) were placed onto each plates. The plates were then incubated at 37 o C for 24 hrs. Next day, the plates were observed for appearance of zone of inhibition.
CFU Measurement
The effect of AgNPs and mAgNPs on bacterial growth was determined by enumerating CFU on agar plates. E.coli (ATCC 25922) strain was used in the study. Overnight grown culture of E. coli was diluted 10 9 folds in normal saline and 50 µl of highest dilution was spread onto the agar plates containing different concentrations of AgNPs and mAgNPs with the help of a sterile glass spreader. The plates were incubated at 37 o C for 24 hrs and numbers of CFU were counted with the help of a colony counter.
Cell Viability Assay
Effect of AgNPs on A431 cell viability was evaluated by MTT reduction assay [21] . It is based on the principle of reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) to a purple formazan by succinate-tetrazolium reductase (located in mitochondrial respiratory chain which is active in viable cells only). To assess the viability, the carcinoma cells (1x10 4 ) were seeded into 100 µl medium in each well of 96-well culture plate for 24 hrs at 37 o C in 5 % CO 2 atmosphere. To begin the process, a stock AgNPs solution was prepared in double distilled water, diluted to desired concentrations (10, 50 and 100 µg/ml) and added later as per experimental design. After 21 hrs, 10 µl MTT (5 mg/mL) solutions was added in each well and further incubated for 3 hrs at 37 o C until formazan blue crystals were developed. Supernatant was discarded and dimethyl sulfoxide (100 µl) was added and kept for 10 min at 37 
Statistical Evaluation
All results were expressed as mean value ± standard error of the mean of growth inhibition zones diameters. P values lower than 0.05 were considered significant.
RESULTS AND DISCUSSION
The main purpose of a suitable food packaging material is to provide a long shelf-life to food products by protecting them against microorganisms and environmental gases. Silver nanoparticles possess distinctive optical, electrical and thermal properties, and have extensively been used as antimicrobial coatings, wound dressings and biomedical devices to provide consistent protection against bacteria [11] . Therefore, current study was undertaken to evaluate potential application of AgNPs in food packaging industry. Figure  1 shows the XRD spectrum of AgNPs. The lattice constants of AgNPs were found to be as (a) 5.758 Å and (c) 9.443 Å. XRD pattern of AgNPs showed the most intense peak at 2θ=36.30° corresponding to 211 plane of AgNPs. Average crystallite size (D) of AgNPs was ~26 nm which was calculated by Scherer's formula. The optical absorption of AgNPs observed in the wavelength range 250-800 nm at room temperature exhibited its highest peak at 250 nm (Figure 2) . The FTIR spectrum showed two different absorption peaks in the region from 650 to 500 cm -1 . The peak observed at 424.70 cm -1 suggests the band-stretching mode of the octahedral sites in the region from 500 to 400 cm -1 (Figure 3) . These results are in agreement with the findings observed by previous researchers [22] [23] [24] . UV spectra of AgNPs exhibiting its peak at 250 nm.
Polyethylene glycol (PEG) has been used earlier for functionalization and bioconjugation of colloidal inorganic nanoparticles for biomedical applications [25] [26] [27] . In this study, PEG was covalently linked to AgNP to modify the surface of AgNPs using PEG-silane coupling technique. The modified AgNPs demonstrated significant antibacterial activity against a gram-negative (E.coli) and gram-positive (Staphylococcus aureus) bacteria. AgNPs have been reported to alter the bacterial cell membrane permeability resulting in cell death because AgNPs have high chemical reactivity obtained as a result of enhanced surface area to volume ratio [28] . The plot of number of bacterial colonies grown on nutrient agar plates as a function of concentration of mAgNPs and control (AgNPs) has been illustrated in Figure 4 . It was observed that AgNPs showed 20x10 9 /ml CFU after 24 hrs of incubation at 20 mM AgNPs concentration while PEG modified AgNPs exhibited 29x10 9 /ml CFU under similar incubation conditions. Zone of inhibition (ZOI) was detected as 3.1 and 3.8 cm, respectively for E. coli by AgNPs at 0.2 and 0.4 mM while it was 3.5 and 4.5 cm respectively by modified AgNPs in similar situation. Similarly, ZOI for S. aureus by AgNPs at 0.2 and 0.4 mM was observed at 3.2 and 3.8 cm, respectively, and XRD was recorded at room temperature using Rigaku Miniflex X-ray diffractometer with Cu-K α radiation (λ = 1.54060 Å) in 2θ ranging from 20
• to 80
• . The particle size of the sample was found to be ~ 26 nm which was estimated from the 211 line width of the XRD peak. these values were 3.8 and 4.4 cm, respectively for modified AgNPs in comparison for similar incubation conditions ( Figure 5) . Consequently, the antibacterial activity of both AgNPs and modified AgNPs were increased with increase in their respective concentrations. Nonetheless, the activity was greater for modified AgNPs viz-z-viz naive ANPs. It appears that the modified surfaces being hydrophilic showed resistance to the non-specific adsorption of several proteins and bacteria. Besides, MTT result indicated AgNPs induced dose-dependent toxicity in concentrations ranging from10-100 µg/mL. Looking closely at Figure 6 , we find that the percentage cell viability observed after 10, 50 and 100 µg/ml concentration of AgNPs was 65.97 %, 40.39 % and 29.68 %, respectively. The result suggested that AgNPs decreased cell viability in a dose dependent manner with the increasing concentration of AgNPs.
Hence, the self-assembled PEG-AgNPs films readily increase the hydrophilic nature of the channel surfaces, thereby retarding the non-specific adsorption of proteins and cells. This method can be readily extended to other materials relevant for food packaging applications. 
CONCLUSION
Herein, PEG modified silver nanoparticles were successfully developed (owing to its strong toxicity to a wide range of microorganisms as ionic silver) to improve their flexibility and gas barrier properties for food packaging apart from enhanced antimicrobial/ antioxidant potential. These findings may improve the understanding and confirm a possible direction for the rational design of effective packaging by modified nanomaterial in food industries.
